Bacteriophages for the order Myxobacterales have been reported by Anacker and Ordal (2), Kingsbury and Pacha (Bacteriol. Proc., p. 118, 1964) , and Burchard and Dworkin (Bacteriol. Proc., p. 118, 1964) . Two of these reports deal with isolates which attack the pathogenic myxobacterium Chondrococcus columnaris. All of these reports have been limited to a few basic properties of the bacteriophages. The current report summarizes a more extensive study of a bacteriophage infecting C. columnaris.
MATERIALS AND METHODS
Stock cultures of C. columnaris were grown at 23 to 27 C in Cytophaga agar deeps (2) . When stock cultures were removed from lyophile tubes, they were grown on plates of Cytophaga agar containing 1.1% Difco agar. C. columnaris can be easily identified by its characteristic colony morphology. With a few noted exceptions, the strains used in this study possessed the group antigen found in all strains of C.
columnaris (2) . 1 Present address: Department of Microbiology, Naval Medical Research Institute, National Naval Medical Center, Bethesda, Md. Standard phage techniques as described by Adams (1) were used throughout. The media employed were those of Anacker and Ordal (2) . All experiments were carried out at approximately 27 C.
The strains used in this study were isolates taken from various places in the Columbia River system. These cultures were stored for extended periods in a lyophilized state, and every few months a new culture was started from lyophile.
Adsorption-rate studies were done by the procedure described by Bertani (6) Base ratios were done as outlined by Bendich (4) by formic acid hydrolysis. Chromatography was done on Whatman no. 3 paper prewashed in 0.1 N HCI. The solvent used for chromatographing the bases was the methanol-water-HCl solvent of Kirby (18) . The ultraviolet extinctions of the isolated bases were determined with a Beckman model DU spectrophotometer.
DNA from the host bacteria used in this study was extracted by the method of Marmur (21) (24) . In all cases, single plaques were picked, placed in TYI broth, and then replated. A stock was considered pure after three such passages.
In three additional cases, the indicator strains probably produced the phages which were isolated. Whenever these strains were plated in soft agar overlay, plaques would occur spontaneously. Single-colony isolates, when plated in overlay agar, showed the same autolytic behavior. Attempts to obtain an isolate which did not spontaneously produce plaques, and was phagesensitive, were unsuccessful. That these plaques were the result of phage activity was shown by the eventual discovery of an indicator strain for each of the three phages.
Because of difficulties in propagation and storage of all these phage isolates, one was selected for extensive study in hope that the information derived from this study could be applied to the others. The isolate selected was designated C2.
Phage morphology. Myxophage C2 is similar in shape and structure to coliphage T2, as well as several other coli-typhoid phages with contractile tail sheaths, as classified by Bradley and Kay (7) . Figure 1 is a negatively stained preparation of phage C2. The technique used was devised by Brenner et al. (8) by staining with phosphotungstic acid.
Myxophage C2 has a head diameter of 600 A both in width and length, a tail length of 1,000 A, and a tail width of 200 A. Figure 1 shows the head as hexagonal in shape and connected to the tail by a thin neck. The tail in these preparations shows faint striations, with a definite tail plate. (13) . The typing stock was checked regularly to insure its continued viability. Table  2 shows the result of this study.
Serological typing of C. columnaris divides the organisms into four groups on the basis of eight antigens (3) . AR the groups have a single antigen Inhibition of phage activity by streptomycin. It was noted, in studies of phage adsorption, that plaques failed to appear on those plates with 250 ,ug/ml of streptomycin in the base agar, although the indicator bacteria were resistant to the antibiotic and grew very well.
Identical dilutions of phage stock were then plated on both regular base agar and base agar containing 250 ,ug/ml of streptomycin. Preparations giving 107 PFU on regular base agar failed to produce any plaques on streptomycin agar. That this was a specific antiviral effect, and not an effect derived from altered growth of the host, was indicated by the fact that there was no difference in the host-growth curves in the presence or absence of 250 ,g/ml of streptomycin.
Cohen (12) showed that high concentrations of streptomycin slowly inactivated coliphage T2.
Myxophage C2 was incubated in 2,000 ,g/ml of streptomycin and was assayed at various times. There was a slow drop in titer, about 60% in 3 hr; however, even this inactivation rate, at streptomycin levels 10 times that employed in the base agar, would not have inhibited as many as 107 PFU per plate over the period of incubation. When myxophage C2 is incubated up to 4 hr in broth containing 250 ,ug/ml of streptomycin, no detectable inactivation occurs.
The minimal concentration of streptomycin necessary to inhibit phage C2 was determined by plating uniform phage suspension on base agar containing various amounts of streptomycin. As shown in Table 3 , the minimal inhibitory concentration is between 65 and 75 ,ug/ml.
To determine whether streptomycin inhibited adsorption, the adsorption-rate constant (1) was determined in the presence and absence of streptomycin. The adsorption rate constants in both cases are identical.
Several one-step growth experiments failed to show the exact time of the action of the antibiotic, but did show that it was acting at a very early stage in the phage infection. Hershey and Chase (17) showed that the nucleic acid of the bacteriophage, if it has not entered the cell, is sensitive to hydrocynamic shear, whereas if injection has occurred, this sensitivity is lost. Brock and Wooley (10) applied this concept to the investigation of the role of streptomycin in the injection process.
When myxobacterial cells were infected in the presence of streptomycin, and, after a suitable adsorption period, were diluted into broth without streptomycin, injection occurred normally (Fig. 3) . When the cell phage complex remained in the presence of streptomycin, shear resistance failed to develop.
A few experiments in which the streptomycin was replaced with deoxyribonuclease indicate that it too inhibits phage infection, probably at the same stage of infection. (11) and Staphylococcus (25) , where almost every strain is lysogenic for at least one phage.
All the phages isolated in the present study appear to have been derived from lysogenic strains of bacteria. The three strains that show the "autolytic" phenomenon are still a mystery. This cell trait is a stable one, and single-colony isolates still show the "autoplaque" behavior. This "autoplaquing" resembles that of Pseudomonas aeruginosa (15) and Bacillus cereus (20) . The most likely explanation for its occurrence is the production of virulent mutants of a temperate phage being carried by these strains. The factors responsible for this "autoplaquing" have not been studied here, but the change of nutrients from the normal environment of the organism may play a role. Nutritional factors are important in "autoplaque" production in P. aeruginosa (5) .
The myxobacterial DNA has a base composition of 43 % guanine plus cytosine. This places C. columnaris in the center of the range of the guanine plus cytosine of bacterial DNA (22) . The ratios of guanine to cytosine and adenine to thymine are very close to 1, indicating that these bases are paired as expected. The similarity of the DNA base composition between the phage and the host is probably a reflection of the intimate relationship of the phage and host DNA.
A host-range study indicates that a large percentage of the existing strains of C. columnaris are sensitive to this phage. Members of all the serological groups, with the exception of group IV, are sensitive.
The streptomycin inhibition data presented here agree with that found by Brock and Wooley (10) in their investigation of the mode of action of streptomycin on a streptococcal phage. It rules out nonspecific action by the streptomycin on the phage alone, although indicating that streptomycin inhibits injection of phage DNA. The possible mechanisms of inhibition are first, that the streptomycin combines with the DNA; second, that streptomycin binds the DNA to the phage protein coat; or third, as recently suggested by Brock (9) , that streptomycin causes a constriction of the protein of the tail so that the DNA molecule is no longer able to pass. Although none of these alternatives can be excluded, the best evidence to date favors the third.
The fact that deoxyribonuclease will also act as an antiviral agent in this system implies that, during the early stage of infection, the phage protein coat becomes permeable to small macromolecules, which may enter the phage head and interfere with the injection process.
